Aims Patients with myocardial infarction (MI) presenting immediately after symptom onset may be treated less aggressively due to their non-elevated troponin status. We compared the initial treatment and clinical outcomes of patients presenting with evolving MI (EMI) with those presenting with MI. Methods and results This study analysed data from the Superior Yield of the New strategy of Enoxaparin, Revascularisation, and Glycoprotein IIb/IIIa inhibitors (SYNERGY) trial, which enrolled patients meeting at least two of the following: age60 years, elevated cardiac biomarkers, or ST-segment changes. Patients were stratified by troponin results obtained within 12 h of presentation: EMI [initial troponin (2), second troponin (þ)], MI [initial troponin (þ)], and no MI at enrolment [first and second troponin (2)]. Comparisons were made using Wilcoxon rank-sum and x 2 tests. Of the 8309 patients with complete data, 5503 (66%) had MI, 1686 (20%) had EMI, and 1120 (13%) had no MI. Treatment patterns prior to enrolment were similar among EMI and MI patients [aspirin (88 vs. 86%), beta-blockers (62 vs. 61%), heparin (83 vs. 81%), and glycoprotein IIb/IIIa inhibitors (23 vs. 24%)]. Similar rates of percutaneous coronary intervention (48 vs. 50%) and coronary artery bypass grafting (21 vs. 22%) were seen after enrolment. Patients presenting with MI had a higher rate of death or recurrent MI compared with patients with EMI [16 vs. 13%, adjusted OR 1.22 (95% CI 1.04, 1.44)]. Conclusion Initial treatment patterns were similar among patients with EMI and MI in the SYNERGY trial. Patients with EMI had lower rates of death or re-infarction at 30 days compared with patients presenting with positive troponin results.
Introduction
Emergency department (ED) patients with chest pain and presumed acute coronary syndrome (ACS) are stratified according to risk using information derived from the history, physical examination, electrocardiogram (ECG), and cardiac biomarkers. According to the American College of Cardiology/American Heart Association (ACC/AHA) guidelines, high-risk criteria for adverse outcomes in patients with ACS include positive biomarkers, ST-segment deviation, advanced age, arrhythmias, haemodynamic instability, congestive heart failure (CHF), ongoing rest pain, and an accelerated pattern of angina. Patients meeting high-risk criteria should receive both aggressive pharmacological therapy and an early invasive management strategy. 1 Of the high-risk ACS criteria, positive biomarkers-particularly elevated troponin-are especially significant. Elevated troponin values signify that myocardial necrosis has occurred, offer an objective determinant that ACS is present, 2 and correlate with mortality. 1, 3, 4 Furthermore, clinical trials indicate that patients with elevated serum troponin levels benefit most from aggressive treatment. [5] [6] [7] However, troponin values do not immediately become abnormal after the onset of myocardial infarction (MI). Cell membrane rupture must occur before cardiac biomarkers are released, making detection in the blood possible; this often requires 6-8 h. Thus, patients presenting within 6-8 h of symptom onset initially may have negative cardiac biomarkers, delaying early recognition of MI and the use of aggressive therapy.
The initial care and outcomes of patients presenting with MI and initially negative cardiac biomarkers have not been well described. We analysed data from the Superior Yield of the New strategy of Enoxaparin, Revascularisation, and Glycoprotein IIb/IIIa inhibitors (SYNERGY) trial 8 to compare the treatment patterns and outcomes of patients with evolving MI (EMI) to patients with MI.
Methods

Study design
This investigation is a secondary analysis of data collected during the SYNERGY trial. Enrolling centres obtained institutional review board or Ethics Committee approval for patient enrolment, and all patients provided written consent for participation. The institutional review board of Wake Forest University School of Medicine has approved this analysis.
Study setting and population
Details of the SYNERGY trial have been previously reported in detail. 8, 9 In brief, patients presenting to one of 467 participating sites in 12 countries with ischaemic symptoms of at least 10 min duration within the previous 24 h were enrolled if they met two of three inclusion criteria: age60 years, troponin or creatinine kinase-MB elevation above the upper limit of normal for the local laboratory, or definitive ST-segment changes on 12-lead ECG. Patients in this trial were randomized to receive unfractionated heparin (UFH) or enoxaparin. The use of ACC/AHA guidelines-recommended therapies and procedures, including aspirin, glycoprotein (GP) IIb/IIIa inhibitors, and early cardiac catheterization, were encouraged. Patients were followed for 1 year to determine the outcomes.
Study protocol
This analysis evaluated data from patients with two troponin assay results available within 12 h of presentation or one positive troponin result drawn within 12 h of presentation. Subjects who underwent percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG) surgery within 12 h of presentation and did not have a prior positive troponin, who only had one normal troponin result within 12 h of presentation, and who had incomplete biomarker data were excluded. Included patients were divided into three groups.
(1) Evolving MI. Patients were considered to have an EMI if their initial troponin result was below the institutional limit for normal and was followed by an additional assay that was above the institutional limit for normal within 12 h of hospital arrival; also, if PCI or CABG was performed, it was after the positive troponin. (2) MI at presentation. Patients were considered to have an MI at presentation if their initial troponin assay was above the institutional upper limit of normal and was obtained within 12 h of hospital arrival; if PCI or CABG was performed, it was after the positive troponin. (3) No MI at presentation. Patients were considered to have no MI at presentation if at least two troponin results were available within 12 h of hospital arrival and all were negative; these patients also did not undergo PCI or CABG within 12 h of hospital arrival.
Measurements and outcome measures Initial medical therapy
Medical treatments administered between the time of hospital arrival and enrolment were recorded on the case report form. These included treatment with aspirin, beta-receptor antagonists, enoxaparin, UFH, clopidogrel, and GP IIb/IIIa inhibitors.
Clinical outcomes
The primary efficacy outcome for this study was 30-day death or recurrent MI as described previously. 8, 9 Patients with MI at enrolment were not considered in the composite outcome to have recurrent infarction unless the definition of recurrent infarction was met. Secondary endpoints included the use of catheterization and revascularization procedures, as well as the time to each of these procedures.
Statistical methods
Data are presented as medians with 25th and 75th inter-quartiles for continuous variables and as frequencies with percentages for discrete variables. Statistical comparisons were made among the EMI and MI groups. All modelling also included the no-MI group. Univariate analyses were performed using Wilcoxon rank-sum test for ordinal measures and the Pearson's x 2 test for dichotomous measures. These same tests were used when comparing the two groups for the procedural factors. Comparisons between the two MI groups for the efficacy endpoints were performed using logistic regression modelling techniques. Multivariable models had been developed previously for mortality within 30 days of randomization, re-infarction within 30 days of randomization, and death or MI within 30 days of randomization. Characteristics found to be statistically significant in predicting death alone were smoking status, age, weight, region of enrolment, creatinine, rales, pulse, t-wave inversion, treatment, and an interaction term of treatment and current smoking. To predict MI by 30 days post-randomization, age, sex, height, race, region of enrolment, diabetes, smoking status, pulse, creatinine, and prior MI were found to be statistically significant. Lastly, age, sex, region of enrolment, height, race, diabetes, smoking status, pulse, creatinine, and prior MI were significant predictors of death or MI within 30 days of randomization. EMI, MI, and no-MI classifications were then added to these models to calculate adjusted results. Two-sided tests were run using a P-value of 0.05 to determine the statistical significance. As this is a hypothesis-generating manuscript, no adjustments were made to the pair-wise comparisons. These results are to be used to identify areas for further analyses and not as confirmatory results. Statistical software was used for the analyses (SAS Institute, v. 8.2, Cary, NC, USA).
Results
The SYNERGY trial included data from 9978 patients enrolled at 467 centres in 12 countries. Patients were excluded from our analysis due to missing troponin values and times within 12 h (n ¼ 1540), missing revascularization information (n ¼ 2), PCI or CABG prior to a positive troponin (n ¼ 78), and revascularization occurring prior to the negative troponin value within 12 h in the no-MI group (n ¼ 46), leaving 8312 (83%) satisfying our inclusion criteria. Excluded patients were statistically similar to included patients with respect to prior MI, prior CABG, prior CHF, and the outcome measures of death, MI, and their composite within 30 days. Excluded patients were significantly more likely to have ST-segment depression (60 vs. 54%) and be enrolled based on age and ECG changes (37 vs. 12%).
Of 8312 included patients, 5597 (66%) had MI at enrolment, 1707 (20%) had an EMI, and 1008 (13%) had no MI at enrolment. Baseline characteristics of these groups are shown in Table 1 . Compared with MI patients, EMI patients were similar in most demographic categories including age.60 years (both 74%), prior MI (28 vs. 27%), diabetes mellitus (27 vs. 29%), and ST-segment depression on presenting ECG (both 52%).
Enrolment criteria varied by group. EMI patients were less likely than MI patients to be enrolled based upon age.60, ECG changes, and elevated biomarkers (troponin or creatine kinase-MB). However, EMI patients were more likely to be enrolled based upon age.60 and ECG changes with non-elevated biomarkers. EMI patients presented sooner after symptom onset than did MI patients (median 1.7 vs. 4.0 h) yet were enrolled later after presentation (median 13.2 vs. 6.7 h). The subset of EMI patients enrolled based upon age.60 and ECG changes had the shortest time from symptom onset to enrolment [median 5.8 h (Q1 3.4 h, Q3 10.2 h)].
Medical therapies provided are displayed in Table 2 . Prior to enrolment, similar usage patterns for pharmacological therapies were seen among EMI and MI patients, including aspirin (88 vs. 86%), beta-blockers (62 vs. 61%), heparin [either low-molecular-weight heparin or unfractionated (80 vs. 77%)], clopidogrel (26 vs. 27%), and GP IIb/IIIa inhibitors (23 vs. 24%). Medical therapies and in-hospital procedures during the baseline hospitalization were similar among EMI and MI groups ( Table 3) .
Clinical outcomes of 30-day death, re-infarction, and the composite of these measures are shown in 
Discussion
The incorporation of troponin assays into clinical practice has changed the triage of patients with chest pain. Elevated troponin values correlate with mortality 1,3,4 and help identify a subset of patients who will benefit from the most aggressive therapies. [5] [6] [7] However, a prominent limitation to these tests is the time it takes for troponin to become released in the serum-6-8 h after MI. Fortunately, other features besides cardiac biomarkers have proved useful in the risk stratification of patients with chest pain. The ACC/AHA guidelines 1 list 11 criteria that place patients at high risk for short-term death or infarction, only one of which is related to cardiac biomarkers. The extent to which these other elements-such as medical history, physical examination findings, and ECG results-are used to guide treatment decisions is largely unknown. This analysis examines the treatments administered to patients with EMI prior to enrolment in the SYNERGY clinical trial. The results demonstrate that the initial treatment patterns of patients presenting with EMI are similar to those presenting with MI. In fact, only minor differences in use were seen among EMI and MI groups for all guideline-recommended therapies, including aspirin, heparin, beta-blockers, clopidogrel, and GP IIb/IIIa inhibitors. These aggressive treatment patterns suggest that clinicians used and acted upon other high-risk features besides troponin values.
These results also demonstrate that subjects with EMI have lower death and re-infarction rates compared with patients presenting with MI. Examining this finding further, EMI patients arrived earlier than MI patients (1.7 vs. 4.0 h) and both groups received similar treatments. Thus, EMI patients received aggressive, guideline-recommended care earlier in their course of infarction compared with those presenting with MI. It is likely that this early hospitalization and aggressive therapy translates into a decreased rate of adverse events.
Analysis of the Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes with Early
Implementation of the ACC/AHA Guidelines (CRUSADE) registry by Roe et al. 10 suggests that treatment patterns among EMI and MI patients are similar in the first 24 h. In this analysis, subjects with initially negative troponin values that subsequently turned positive received treatments in the first 24 h similar to that received by subjects with initially positive troponin results. The present analysis from the SYNERGY trial builds upon the CRUSADE results by examining therapy earlier in the hospital course and suggests that the similarities in care begin long before the 24 h mark. As such, the care patterns described in the SYNERGY trial are more likely to reflect therapies ordered or administered in the ED.
Risk stratification of patients with chest pain utilizes information available at one moment in time to estimate the probability of cardiac disease and the likelihood of adverse cardiac events. Using these estimates, clinicians can adjust treatment regimens according to risk. Once riskstratified, the EMI patients in the SYNERGY trial were a highrisk cohort, and physicians were correct in treating them as such despite their negative troponin status. Among riskstratification systems, age, elevated cardiac biomarkers, and ischaemic ECG findings consistently have been found to identify a high-risk cohort of patients among those who present with possible MI. Most of our EMI population had at least two of those criteria, with many having all three. Boersma et al. 11 developed the 'Platelet GP IIb/IIIa in Unstable angina: Receptor Suppression Using Integrilin Therapy' (PURSUIT) risk score. Elements of the PURSUIT score include vital sign abnormalities, age, sex, Canadian Cardiovascular Society angina score, ST-segment depression, and heart failure on presentation. The PURSUIT risk score has the added advantage of distinguishing between patients presenting with unstable angina and MI and providing a different risk assessment for each. In this analysis, the group of patients with EMI had a median PURSUIT risk score of 13, correlating to almost a 20% 30-day rate of death or re-infarction. Similarly, the Thrombolysis In Myocardial Infarction (TIMI) risk score is a validated method for assigning risk of death, re-infarction, or urgent revascularization in patients with unstable angina and non-ST-segment elevation MI. 12, 13 Variables directly predictive of adverse outcomes include age, ST-segment changes, known coronary artery disease (CAD), risk factors for CAD, recent use of aspirin, and elevated cardiac biomarkers. The patients with EMI in this analysis had a median TIMI risk score of 4, correlating to a 14-day adverse event rate of 20% in patients from the TIMI 11b study 12 and a 30-day rate of 42% in patients prospectively evaluated by Bartholomew et al. 13 Finally, the ACC/AHA guidelines for management of patients with unstable angina and non-ST-segment elevation MI 1 recommend using the criteria by Braunwald 14 to risk stratify. Under this risk-stratification system, 77% of our EMI patients would have met ACC/AHA high-risk criteria based upon ECG findings alone.
Limitations
Our data were collected as part of the SYNERGY trial, and, thus, the demographics of our groups closely resemble the inclusion criteria. The inclusion criteria for SYNERGY were designed to evaluate patients with high-risk unstable angina or non-ST-segment elevation MI. These strict criteria excluded many patients with EMI due to negative cardiac biomarkers at the time of initial presentation. Our sample of EMI patients likely represents a unique subset of higherrisk patients-those who met the other two inclusion criteria of age60 or ST-segment changes at the time of enrolment. Additionally, patients with EMI had a longer elapsed time from presentation to enrolment compared with those presenting with MI. During that time, sicker patients could have been excluded, which could have affected the event rates. As such, the proportion and prognosis of patients with EMI in the general population cannot be ascertained from this study.
In this clinical trial, high-risk patients received aggressive pharmacological care. However, the care patterns seen in this well-controlled clinical trial may not necessarily reflect those seen in real-world practice. In fact, in realworld practice, a disconnection between risk stratification and therapy for high-risk ACS patients exists. 15 Data from the CRUSADE registry demonstrate that higher-risk patients-based on age, sex, chronic renal failure, diabetes, or risk score-do not necessarily receive more aggressive therapy. 16, 17 These patients are often excluded from clinical trials such as SYNERGY, and, as such, the results of this analysis cannot be used to measure compliance.
Some patients enrolled in the SYNERGY trial could not be included in our analysis, predominantly due to missing biomarker data prior to enrolment. The recording of preenrolment troponin values was not mandatory and was routinely performed at some sites but not others. Although included and excluded patients seemed mostly similar with respect to demographics, the excluded group was much more likely to be enrolled based upon age and ECG criteria and have negative biomarkers at the time of enrolment. No differences were seen among these groups with respect to outcome events. It is possible that exclusion of these patients introduces selection bias. However, we feel this is less likely, and it more likely represents a characteristic of the site as opposed to a particular patient subgroup. However, the precise impact on our analysis is unknown.
As a secondary analysis of a completed trial, it is not possible to adjust for all confounding variables. Although our clinical outcome differences are statistically significant, they should be prospectively validated and can only be hypothesis-generating at this point. 
